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Abstract
The intracellular localization of the avian myeloblastosis virus (AMV) genome was studied.
Nuclear and mitochondrial DNAs from myeloblasts were examined by hybridization with 32P
labeled AMV-RNA of high molecular weight for the presence of virus specific DNA sequences.
Nuclear DNA (nDNA) from myeloblasts specifically hybridized with viral RNA, whereas purified
closed circular mitochondrial DNA (mtDNA) did not hybridize with viral RNA. It was therefore
concluded that viral genome was present in nuclear DNA and not in mitochondrial DNA. Likewise,
in normal chick cells, nDNA but not mtDNA hybridized with viral RNA.
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Abstract. The intracellular localization of the avian myeloblast-
osis virus (AMV) genome was studied. Nuclear and mitochondrial
DNAs from myeloblasts were examined by hybridization with 32p
labeled AMV-RNA of high molecular weight for the presence of
virus specific DNA sequences. Nuclear DNA (nDNA) from myelo-
blasts specifically hybridized with viral RNA, whereas purified closed
circular mitochondrial DNA (mtDNA) did not hybridize with viral
RNA. It was therefore concluded that viral genome was present in
nuclear DNA and not in mitochondrial DNA. Likewise, in normal
chick cells, nDNA but not mtDNA hybridized with viral RNA.
Since Bonar et at. (1) described viral particles in the mitochondria-like struc-
ture called "gray body" of avian mye10blasts in tissue culture, the role of mito-
chondria in virus production or cellular transformation in RNA tumor virus
systems has been investigated by several means (2-7). Studies have reported the
presence of viral nucleocapsids in the mitochondria of a hamster cell line trans-
formed by Rous sarcoma virus (2) and the observation of subviral oncogenic
particles that possess reverse transcriptase activity in mitochondrial preparations
of chick cells transformed by Rous sarcoma virus (3-5). Furthermore, some
inhibitors, such as chloramphenicol and ethidium bromide which are specific for
mitochondrial functions have been observed to suppress Rous sarcoma virus
replication and focus formation (6). Another report' (8), however, has con-
tradicted such inhibitory activity on virus production and focus formation by
these drugs. Almost all m tDNA isolated from animal cells showed a circular con-
figuration. The circular DNA from mitochondria of tumor cells, regardless of
whether the tumor arose spontaneously or was induced by viruses or chemical
carcinogens, showed a broader and more heterogenous distribution of contour
lengths (9), as well as a high incidence of abnormal circular dimers and oligomers
(10-13). In contrast, the mtDNA from normal cells showed circular monomers
of uniform length. It was not clear whether the difference in length of the
mtDNA originates in a primary change which might be due to integration of a
viral genome or a secondary change after transformation.
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In the study here mitochondria and mtDNA were investigated for the pre-
sence of viral particles and virus specific DNA sequences by means of electron
microscopy and DNA-RNA hybridization techniques, respectively, to study
whether virus specific events take place in mitochondria. Some preliminary
results were presented previously (14).
MATERIALS AND METHODS
Isolation of leukemic rnyeloblasts. The avian myeloblastosis virus (AMY)
used was the BAI strain A, originally obtained from Dr. .1. W. Beard. Avian
leukemic myeloblasts from acutely leukemic chickens after intraperitoneal in-
oculation of AMY were isolated by sedimentation of leukemic peripheral blood
at 500 rpm for 15 min. The myeloblasts that had sedimented on top of the red
blood cells were carefully removed and were washed with phosphate buffered
saline (pH 7.2) three times. In the absence of sufficient quantities of circulatory
leukocytes in normal animals, leukosis virus-free chick embryos (15) were used
in control experiments as a source of normal cell mitochondria.
Cell fractionation. The homogenization of myeloblasts was performed in
medium containing 0.1 M sucrose, 1 mM EDTA and 5 mM Tris-HCl (pH 7.4),
and the homogenization of ll-day-old whole chick embryos was done in 0.25 M
sucrose, 1 mM EDTA and 5 mM Tris-HCl (pH 7.4) using a teflon homogenizer.
The process was monitored in both cases by light microscopy. Mitochondria and
nuclei were purified from the homogenate using a slightly modified procedure
(16) based on the description of Hogeboom (17) and Chauveau, Moule and
Rouiller (18).
DNA extraction. Marmur's method (19) including RNase A (Sigma) treatment
was used for DNA extraction. Nuclear DNA was extracted from purified
nuclei. Whole mtDNA was extracted from mitochondria after DNase I (Sigma)
treatment, as described by Nass (20), to remove the contaminating nDNA.
Isolation of closed circular mtDNA. Closed circular DNA was isolated from
the lysate of mitochondria isolated from myeloblasts or whole chick embryos
using CsCl (Merck) density gradient centrifugation in the presence of ethidium
bromide (Serva) (21). The initial density was adjusted with CsCl to 1.54 g/ml,
and the concentration of ethidium bromide to 200 ,ag/ml, before centrifugation
in a SW 50.1 rotor at 41,000 rpm for 24 hr (20°C). The fractions of the gradient
were dialysed against 1X SSC buffer containing 1 mM EDTA (pH 7.4) for 3 days
(22) with several buffer changes, and thereafter the optical density at 260 nm
was determined for each fraction. Two DNA bands were detected (Fig. 2) and
the fractions comprising the lower density of p=1.62g/cm3 described as con-
taining closed circular DNA (12,13,22) were pooled for hybridization with viral
RNA.
Isolation of 32p labeled AMV RNA of high molecular weight. The preparation
of radioactive virus from myeloblast cultures with 32P-orthophosphate (Radio-
chemical Center) and the extraction of 70 S AMY RNA was performed as de-
scribed (23), except for the use of a 5-20% linear glycerol gradient in TNE buffer
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(Tris-HG1, 0.01 M; NaGl, 0.1 M; and EDTA, 0.001 M) instead of sucrose gradi-
ent.
DNA-RNA hybridization. DNA was sonicated (Braun Ultrasonicator, 80 sec
at position 20) to yield a size of about 10 S as determined by sedimentation anal-
ysis, and then subjected to hybridization with 32p labeled AMV-RNA of high
molecular weight according to published procedures (24). DNA at 30 Pg was
mixed with about 10,000 cpm of 32P-AMV_RNA, denatured in the presence of
50% formamide for 10 min at 68°G and re-annealed in 0.4 M NaGl for 18 hr at
37°G. The mixture was adjusted to a density of 1.550 g/cm3 with GSZS04
(Merck) and subjected to equilibrium density gradient centrifugation in a SW
50.1 rotor for 60 hr at 33,000 rpm (20°C). Fractions were collected from a punc-
ture in the bottom of the tubes. The radioactivity was assayed in a liquid
scintillation spectrometer, and the fractions in the DNA region were examined
for optical density at 260 nm. 3H-labeled 18 S ribosomal RNA was used as a
RNA marker.
Electron microscopy. Pelle ted nuclei and mitochondria were embedded for
electron microscopic examination as described previously for pelleted culture
cells (25).
RESULTS
Electron microscopic examinations. The mitochondrial fractions (Fig. I) were
examined extensively for the presence of viral or subviral particles. Such parti-
cles were in no instances detected.
Fig. 1. Electron micrograph of mitochondrial fraction isolated from leukemic avian
myeloblasts. No intramitochondrial viral particle was observed. The bar indicates 1 pm.
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Fig. 2. Isolation of closed circular myeloblast mtDNA through the equilibrium. CsCI-
ethidium bromide density gradient centrifugation. The arrow indicates the fraction of
closed circular mtDNA at a density of p= 1.62 g/cm3•
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Fig. 3. DNA-RNA hybridization of 32p labeled high molecular weight AMV-RNA
with different DNA preparations. (a) nDNA from myeloblasts, (b) nDNA from normal chick
embryos, (cl T7 DNA, (d) mtDNA from myeloblasts, (e) mtDNA from normal chick embryos.
The RNA region was determined by the localization of 3H labeled r-RNA used as a marker.
The DNA region was determined by measuring the optical density at 260 nm.
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Virus specific DNA sequences in nDNA. Hybrid formation between 32p labeled
AMV-RNA of high molecular weight and nDNA from avian leukemic mye1o-
blasts is shown in Fig. 3a. 32p activity in the DNA region after equilibrium
Cs2804 density gradient centrifugation of DNA-RNA hybridzation products in-
dicated small pieces of RNA hybridized to major DNA molecules. Nuclear DNA
extracted from the leukosis virus free chick embryos also hybridized with viral
RNA (Fig. 3b). As a negative control, T7 phage DNA failed to hybridize with
viral RNA (Fig. 3c).
Failure to detect viral DNA in mtDNA. While a preparation of whole mtDNA
hybridized with viral RNA to a certain extent (data not shown), preparation of
purified closed circular mtDNA isolated through equilibrium CsCl-ethidium bro-
mide density gradient centrifugation (Fig. 2) did not hybridize at all with viral
RNA by this method (Fig. 3d). The results were consistent for mtDNA from
normal chick embryos as well as from myeloblasts (Fig. 3e).
DISCUSSION
The findings of viral particles, as well as the observation of the inhibitory
effects on virus replication and transformation using mitochondria-specific drugs
have suggested that the replication of RNA tumor viruses might take place in
mitochondria (6). It has been claimed by several groups that viral or subviral
Rous sarcoma virus particles were associated with mitochondria (1,2,7) or iso-
lated mitochondrial fraction (3-5). However, in thin sections of purified mito-
chondrial preparation from AMV transformed chicken myeloblasts, we could
not detect viral or subviral particles in extensive electron microscopic examina-
tions. It is unknown whether the detectability of RNA tumor virus particles in
mitochondria depends on the preparation of mitochondria, or whether the parti-
cles described by others were artefacts, or whether the presence of such particles
in mitochondria is merely on experimental or very rare event.
If RNA tumor virus replication takes place in mitochondria, the presence of
virus-specific sequences in mitochondria could be postulated, possibly in the form
of DNA provirus. AMV-RNA homologous DNA sequences have been reported
in nDNA from leukemic myeloblasts (26). It was also suggested in the same
study that mtDNA did not contain virus specific DNA sequences; however, the
amount of mtDNA used for hybridization in these studies was even below the
level of detectability by UV-absorption. Our results show that even by the use
of large amounts of closed circular DNA, no base sequences homologous to viral
RNA can be detected by this method, confirming the result of Markham and
Baluda (26). Instead, viral DNA sequences were found in the nDNA as described
by others (26). The detection of viral DNA sequences in the nDNA of normal
uninfected cells is in accordance with the findings that probably all chicken cells
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contain endogenous C-type viruses in the state of latent DNA provirus (27-29).
It is emphasized that the same amount of nuclear and mitochondrial DNA
(30 fig) was used in our hybridization experiments. Since mtDNA represents
only 0.1 to 0.5% of the total DNA in most animal cells (30), the relative amount
of mtDNA used in our experiments was 200 to 1,000 times more per cell unit
than nDNA. It is unlikely therefore, that mtDNA contains a significant amount
of viral DNA. Furthermore, mtDNA from virus transformed cells was not
infectious (31) while chromosomal DNA was infectious by transfection assay
(32-34).
The finding that whole mtDNA hybridized with viral RNA to a slight ex-
tent is probably explained by contamination of mtDNA with nDNA that can be
removed completely only by CsCl-ethidium bromide density gradient centrifuga-
tion (2J), but not by DNase treatment of isolated mitochondrial preparation.
Our results do not support the argument by several authors (3-6) that mito-
chondria playa primary role in C-type tumor virus replication or function.
Many metabolic changes were reported in mitochondria of tumor cells in com-
parison with mitochondria of normal cells (for review see 35). However, as
pointed out by Paoletti and Riou (35), these mitochondrial phenomena in tumor
cells might be "a secondary consequence of some imbalance of the mitochondrial
functions which are characteristic for most cancer cells. "
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